SUMMARY. Although the hemodynamic effects of diuretics have been studied extensively, their effects on inner medullary blood flow remain unknown. In the present study, renal hemodynamics, including papillary plasma flow measured by the albumin accumulation technique, and associated alterations in papillary tissue solute content were determined in anesthetized, hydropenic dogs and during euvolemic diuresis induced by furosemide (3 mg/kg plus 2 mg/kg per hr, iv), ethacrynic acid (3 mg/kg plus 2 mg/kg per hr, iv) or chlorothiazide (10 mg/kg plus 10 mg/kg per hr, iv). Renal blood flow increased significantly after furosemide and ethacrynic acid and decreased significantly after chlorothiazide. Sixty minutes after diuretic administration, papillary plasma flow was 10.8 ± 1.0 (mean ± SE) in six furosemide-and 11.3 ± 2.6 ml/min per 100 g in six ethacrynic acid-treated dogs, both significantly lower than in eight normal or eight chlorothiazide-treated dogs [26.4 ± 2.6 and 26.7 ± 2.7 ml/min per 100 g, respectively (P < 0.01)]. A similarly low papillary plasma flow was also noted 10 minutes after diuretic administration in five furosemide and four ethacrynic acid dogs (13.6 ± 2.3 and 13.4 ± 1.8 ml/min per 100 g, respectively). In furosemide and ethacrynic acid dogs, papillary osmolaliry and sodium content were significantly lower than those in normal or chlorothiazide dogs. In normal and chlorothiazide dogs, papillary sodium content was similar, with a significantly reduced papillary osmolality in the latter. At the time papillary plasma flow was measured, extracellular fluid volume was similar among the four groups of dogs; however, plasma renin activity increased significantly in furosemide and ethacrynic acid dogs (P < 0.01) and remained unchanged in normal and chlorothiazide dogs. Furthermore, papillary plasma flow was restored to normal (25.3 ± 3.9 ml/min per 100 g) in five dogs in which furosemide was infused during angiotensin II blockage with saralasin, despite a similar diuresis and natriuresis as the other furosemide group. These data demonstrate that after administration of furosemide, ethacrynic acid and chlorothiazide, regulation of papillary plasma flow is independent of renal blood flow, and suggest that angiotensin II may play a role in the reduced papillary plasma flow in furosemide and ethacrynic acid dogs. (Circ Res 51: 703-710, 1982) 
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From the Division of Nephrology and Hypertension, Department of Medicine, The Brookdale Hospital Medical Center, Brooklyn, New York SUMMARY. Although the hemodynamic effects of diuretics have been studied extensively, their effects on inner medullary blood flow remain unknown. In the present study, renal hemodynamics, including papillary plasma flow measured by the albumin accumulation technique, and associated alterations in papillary tissue solute content were determined in anesthetized, hydropenic dogs and during euvolemic diuresis induced by furosemide (3 mg/kg plus 2 mg/kg per hr, iv), ethacrynic acid (3 mg/kg plus 2 mg/kg per hr, iv) or chlorothiazide (10 mg/kg plus 10 mg/kg per hr, iv). Renal blood flow increased significantly after furosemide and ethacrynic acid and decreased significantly after chlorothiazide. Sixty minutes after diuretic administration, papillary plasma flow was 10.8 ± 1.0 (mean ± SE) in six furosemide-and 11.3 ± 2.6 ml/min per 100 g in six ethacrynic acid-treated dogs, both significantly lower than in eight normal or eight chlorothiazide-treated dogs [26.4 ± 2.6 and 26.7 ± 2.7 ml/min per 100 g, respectively (P < 0.01)]. A similarly low papillary plasma flow was also noted 10 minutes after diuretic administration in five furosemide and four ethacrynic acid dogs (13.6 ± 2.3 and 13.4 ± 1.8 ml/min per 100 g, respectively). In furosemide and ethacrynic acid dogs, papillary osmolaliry and sodium content were significantly lower than those in normal or chlorothiazide dogs. In normal and chlorothiazide dogs, papillary sodium content was similar, with a significantly reduced papillary osmolality in the latter. At the time papillary plasma flow was measured, extracellular fluid volume was similar among the four groups of dogs; however, plasma renin activity increased significantly in furosemide and ethacrynic acid dogs (P < 0.01) and remained unchanged in normal and chlorothiazide dogs. Furthermore, papillary plasma flow was restored to normal (25.3 ± 3.9 ml/min per 100 g) in five dogs in which furosemide was infused during angiotensin II blockage with saralasin, despite a similar diuresis and natriuresis as the other furosemide group. These data demonstrate that after administration of furosemide, ethacrynic acid and chlorothiazide, regulation of papillary plasma flow is independent of renal blood flow, and suggest that angiotensin II may play a role in the reduced papillary plasma flow in furosemide and ethacrynic acid dogs. THE renal hemodynamic effects of various diuretics have been extensively investigated. After the administration of the loop diuretics, furosemide and ethacrynic acid, renal vascular resistance decreases and renal blood flow (RBF) increases accompanied by renal renin release (Ludens et al., 1968; Vander and Carlson, 1969; Freeman et al., 1974; Corsini et al., 1975) . It has been suggested recently that the increase in RBF elicited by these diuretics is, in part, mediated by increased renal production of prostaglandin E (Williamson et al., 1975 (Williamson et al., , 1976 Patak et al., 1979; Gerber and Nies, 1980) . Thus, the increase in RBF after the administration of loop diuretics occurs in the presence of stimulation of two vasoactive systems in the kidney, the renin-angiotensin and prostaglandin systems. On the other hand, chlorothiazide, which is known to decrease RBF, has no significant effect on renal renin or prostaglandin release (Brown et al., 1966; Cooke et al., 1970; Patak et al., 1979) . Alterations in intracortical blood flow distribution after the administration of various diuretics have been studied in detail with the radioactive microsphere (McNay and Abe, 1970; Stein et al., 1972 ) and inert gas washout methods (Birtch et al., 1967) . However, the effects of diuretics on inner medullary blood flow have not been examined and should be of considerable interest in view of ample evidence for a stimulatory effect of endogenous prostaglandins on renal medullary circulation (see review by Stokes, 1981) . The present study was designed to examine the effects of furosemide, ethacrynic acid, and chlorothiazide on papillary plasma flow (PPF) and papillary solute content during the maintenance of a constant extracellular fluid volume in the dog. The data are interesting in that the loop diuretics caused an increase in RBF but a marked decrease in PPF, associated with an increase in plasma renin activity (PRA). In contrast, chlorothiazide caused a decrease in RBF with no change in PPF or PRA. In addition, when furosemide was infused during angiotensin II blockade with saralasin PPF did not decrease.
Methods
All experiments were performed on female mongrel dogs maintained on a daily diet containing 60 mEq of sodium and 40 mEq of potassium and allowed free access to water. The animals were placed in metabolic cages for a period of 5 days prior to the acute studies, during which period a careful record of sodium, potassium, and water balance was kept. Acute studies were performed after it was demonstrated that the animals were in sodium balance.
For the acute experiment, food was withdrawn at 4:00 p.m. the day before, but water was permitted up to the morning of the experiment. The dogs were anesthetized with sodium pentobarbital, 30 mg/kg, iv. Light anesthesia was maintained with supplemental doses given throughout the experiment, as necessary. An endotracheal tube was inserted and the urinary bladder was catheterized with a Foley catheter. To ensure accurate determination of urine volume, double air washouts were used to empty the bladder completely during clearance periods. Blood samples were obtained and mean arterial blood pressure (MAP) was monitored through a catheter inserted into the left femoral artery, advanced to the level just below the left renal artery. A catheter was placed in a femoral vein for infusing solutions.
Through a flank incision, the left kidney was exposed and the renal pedicle gently dissected to expose the renal artery fully. An electromagnetic flow probe (model 400 series, Carolina Medical Electronics) was placed around the artery and total RBF measured with an electromagnetic flowmeter (model 322, Carolina Medical Electronics). After the probe was in place, an umbilical tape was passed around the renal pedicle and a loose knot tied. Zero flow was determined by brief occlusion of the renal artery distal to the probe. The flow probe was calibrated by in situ perfusion of the renal artery at the conclusion of the experiment.
After initial blood and urine samples were obtained, a priming dose of inulin was administered, followed by a sustaining solution of 0.9% NaCl containing sufficient inulin to maintain adequate blood levels, infused at 50 ml/hr with a constant rate infusion pump.
After a 60-minute equilibration period, three 10-minute urine specimens were collected with midpoint blood samples for clearance determinations. A blood specimen was then obtained for the measurement of PRA, hematocrit, and plasma total protein. Four groups of dogs were studied. Group I, consisting of eight dogs weighing 25.2 ± 1.3 kg (mean ± SEM), served as the control; these dogs were observed for an additional 60 minutes. In group II, six dogs weighing 22.8 ± 1.5 kg received an intravenous loading dose of 3 mg/kg of furosemide, followed by 2 mg/kg per hr added to the constant infusion. In group 111, six dogs weighing 12.5 ± 1.5 kg received a loading dose of 3 mg/kg of ethacrynic acid followed by 2 mg/kg per hr added to the constant infusion. In group IV, eight dogs weighing 23.1 ± 1.0 kg received a loading dose of 10 mg/kg of chlorothiazide followed by 10 mg/kg per hr added to the constant infusion. After a 30-minute equilibration period following the administration of the diuretics or vehicle solution alone in the normal dogs (nondiuretic treated), three 10-minute clearance periods were obtained. A blood sample was again obtained for determination of PRA, hematocrit, and plasma total protein. After a diuresis commenced, intravenous replacement was begun with a solution containing 135 mEq/ liter Na + , 123 mEq/liter Cl", 10 mEq/liter K + , and 22 mEq/ liter HCCV. This replacement solution was infused at a rate of 0.8 ml/min less than the urinary flow rate. At the end of clearance and hemodynamic measurements, PPF was determined by the method of radioactive albumin accumulation originally described by Lillienfield et al. (1961) with the modifications described in our previous report (Faubert et al., 1982) . Briefly, 125 I-albumin, 100 juCi/ml (Mallinckrodt, Inc.), with a small amount of cardiogreen dye, was infused by a reciprocal action pump (Harvard Apparatus Co., Inc.) at a rate of 4 /tCi/sec through the catheter placed in the femoral vein. When the cardiogreen dye appeared in the aorta at the level of the renal artery, detected by a densitometer (model DTL, Gilson Medical Electronics) connected to the aortic catheter, blood was withdrawn from the same catheter through a 3-way stopcock arrangement using the reciprocal action pump and exactly matching the infusion of 125 I-albumin. After a simultaneous perfusion and collection period of 12 seconds, the umbilical tape knot around the left renal pedicle was pulled tight and the blood collection stopped at the same time. The kidney was removed immediately and frozen at -10°C for 20 minutes. The papilla was cut, weighed, and counted, together with an aliquot of plasma. PPF was calculated according to the formula: PPF (ml/min per 100 g) _ cpm/100 g papilla 60 cpm/ml plasma perfusion time (sec) An additional nine dogs were studied exactly as described above, except that PPF was determined at the end of 10 minutes of furosemide infusion in 5 dogs and 10 minutes of ethacrynic acid infusion in four dogs.
An additional five dogs (three undergoing furosemide and two undergoing ethacrynic acid diuresis) were studied exactly as described above, except that the simultaneous perfusion of l25 I-albumin and collection of arterial blood were terminated at 20 seconds.
Because PRA increased significantly with the loop diuretics (see below), the effect of furosemide on PPF was also studied during angiotensin II (All) blockade with saralasin in five dogs. After a 60-minute equilibration period, saralasin was infused at 2 /ig/kg per min, iv, and continued throughout the experiment. Thirty minutes after saralasin administration, furosemide infusion was initiated as described above for 60 minutes and PPF determined. Fluid replacement was carried out as described for the other diuretic groups.
Papillary osmolality, sodium, and water content were determined using the methods previously described from this laboratory (Faubert et al., 1982) . Inulin was determined on an Autoanalyzer (Technicon Instruments Corp.), and sodium and potassium by standard flame photometry. Total plasma protein was analyzed by the Biuret method (Gornall et al., 1949) and PRA was determined by radioimmunoassay as previously described (Flombaum et al., 1978) . Clearances were calculated by standard methods.
Statistical Analysis
All results are expressed as mean ± SEM. Student's t-test was used for paired and unpaired data. To assess statistical significance between groups, a one-way analysis of variance was performed using Scheffe's test for comparisons when F values were significant. P < 0.05 was considered statistically significant.
Results
The effects of diuretics on urine flow rate, electrolyte excretion, systemic and renal hemodynamics are summarized in Table 1 . The control values represent the mean of the steady state clearance periods, and the experimental values represent the mean of three 10-minute periods 30-60 minutes after the administration of the vehicle solution in group I and the V = urine volume, U^m = urinary osmolality, UN O V = absolute urinary sodium excretion, FE Na = fractional sodium excretion, PN 8 = plasma sodium concentration, UKV = absolute urinary potassium excretion, PK = plasma potassium concentration, Ci n = inulin clearance, RBF = renal blood flow, MAP = mean arterial pressure, C = control, E = experimental. * P < 0.01 compared with control values. f P < 0.05 compared with control values.
diuretics in the other three groups. During the control period, urine flow and sodium excretion were similar among the four groups. The increase in urine volume after furosemide or ethacrynic acid was approximately 4-fold that after chlorothiazide administration. Fractional sodium excretion increased from 0.3 ± 0.1 to 16.2 ± 1.5% after furosemide, from 0.4 ± 0.1 to 25.8 ± 3.9% after ethacrynic acid, and from 0.3 ± 0.1 to 4.9 ± 0.8% after chlorothiazide administration. RBF increased significantly after furosemide and ethacrynic acid (from 224 ± 19 to 255 ± 20 ml/min and from 173 ± 24 to 267 ± 28 ml/min, respectively) and decreased significantly after chlorothiazide (from 211 ± 16 to 196 ± 17 ml/min). Plasma sodium and potassium concentration were similar in all four groups during control and did not change significantly during the experimental period. The results of the arterial blood hematocrit, total plasma protein, and PRA during control and experimental periods are summarized in Table 2 . A similar hematocrit and total plasma protein were noted among the four groups during the control period and remained unchanged during the experimental period, suggesting similar extracellular fluid volume among the four groups during the control and experimental periods. PRA was similar among the four groups during the control period and did not change during the experimental period in normal or chlorothiazide treated dogs. A significant increase in PRA occurred after furosemide and ethacrynic acid administration (from 4.4 ± 1.1 to 10.1 ± 1.3 ng/ml per min and from 4.5 ± 0.8 to 10.6 ± 1.4 ng/ml per min, respectively).
The results of PPF in normal and diuretic treated dogs are shown in Figure 1 . In chlorothiazide dogs, PPF was 26.7 ±2.7 ml/min per 100 g, similar to that in normal dogs (26.4 ± 2.6 ml/min per 100 g). PPF in furosemide and ethacrynic acid dogs was 10.8 ± 1.0 and 11.3 ± 2.6 ml/min per 100 g, respectively, sig- 
plasma flow (PPF) in norma/ dogs (N) and 60 minutes after the administration of furosemide (F), ethacrynic acid (EA), and chlorothiazide (CTZ). Asterisk, P < 0.01 compared with normal or CTZ dogs.
nificantly lower than normal or chlorothiazide dogs (P < 0.01). Since PPF was derived from the volume of distribution (V t ) of 125 I-albumin at 12 seconds (an index of the quantity of the radioactive marker accumulating in the papilla via descending vasa recta relative to that in the arterial plasma), it was necessary to ascertain that the significantly reduced PPF after furosemide or ethacrynic acid was not due to a substantial loss of the marker through ascending vasa recta at the time of testing (12 seconds). For this reason, the V t was also determined at 20 seconds in dogs treated with furosemide and ethacrynic acid. A progressive rise was noted in V t (Fig. 2) , suggesting that it is unlikely that a significant amount of the marker was leaving the papilla at 12 seconds.
Although PPF was low 60 minutes after the administration of the loop diuretics, it is possible that a decrease in PPF was preceded by an early increase after the loop diuretics were infused. PPF was, therefore, also measured 10 minutes after the administration of furosemide and ethacrynic acid and was again significantly lower in these animals compared with normal dogs (Table 3) , at a time when renal blood flow was already significantly above baseline values (Table 3) . PRA increased significantly from 4.8 ± 1.5 to 8.7 ± 1.7 ng/ml per hr 10 minutes after furosemide and from 4.1 ± 0.7 to 10.6 ± 1.1 ng/ml per hr 10 minutes after ethacrynic acid administration (P < 0.01). Table 4 summarizes the results of papillary tip tissue water content, osmolality, and sodium content obtained when PPF was measured at 60 minutes. Wet Circulation Research/Vo/. 51, No. 6, December 1982 tissue water content was not significantly different among the four groups. In the furosemide and ethacrynic acid dogs, papillary osmolality was significantly lower than that in normal or chlorothiazide dogs, approaching isotonicity. Papillary sodium content was also significantly reduced when compared to normal or chlorothiazide dogs. In the chlorothiazide group, papillary osmolality was lower and papillary sodium content was similar compared to normal dogs. Table 5 summarizes the effects of furosemide on renal function and PPF during All blockade with saralasin. Hematocrit and total plasma protein were 40 ± 1% and 5.89 ± 0.10 g/dl, respectively, and remained unchanged during the experimental period. When compared with the dogs given furosemide alone (group II), there was a similar increase in urine volume, sodium, and potassium excretion. As in group II, GFR and MAP were not significantly changed; however, the increase in RBF was significantly greater. PPF was 25.3 ± 3.9 ml/min per 100 g, significantly greater than in dogs treated with furosemide alone and indistinguishable from that of normal dogs (Table 3, Figure 1 ). Papillary tip tissue water content was 89.4 ± 0.4%, osmolality was 327 ± 12 mOsm/kg H2O, and sodium content was 90 ± 2 mmol/100 g dry solids, similar to that of group II (Table 4) .
Discussion
In the present study, we have examined renal hemodynamic responses to furosemide, ethacrynic acid, and chlorothiazide when a constant extracellular fluid volume is maintained. Total RBF significantly increased after the administration of the two loop diuretics and decreased after chlorothiazide. In contrast, a disparate response was noted in inner medullary hemodynamics. PPF was markedly reduced after fu- Time (second) 14 ± 24 ± 10f 60 min (n =8) (n = 5) (n =6) (n = 4) (n = 6) PPF (ml/min per 100 g) 26.4 ± 2.6 13.6 ± 2.3* 10.8 ± 1.0* 13.4 ± 1.8* 11.3 ± 2.6* 54 ± PPF = papillary plasma flow. • * P < 0.01 compared with normal dogs. t P < 0.05, $ P < 0.01.
FIGURE 2. Volume of distribution (V,) at 12 and 20 seconds 60 minutes after the administration of furosemide (O) and ethacrynic acid (X). The brackets indicate the mean ± SEM for the diuretics combined at each time interval.
rosemide and ethacrynic acid administration and similar to normal dogs after chlorothiazide. PRA increased with the two loop diuretics but was not significantly changed with chlorothiazide. Since furosemide and ethacrynic acid caused an immediate increase in RBF and PPF was decreased 60 minutes after the infusion of the two diuretics, it was possible that PPF could have been increased initially and then decreased. Therefore, PPF was measured 10 minutes after the diuretic infusion and was found to be significantly reduced and accompanied by a significant rise in PRA (similar to 60 minutes) ( Table 3) . The low PPF following loop diuretic administration was not the result of volume contraction or hypokalemia (Whinnery and Kunau, 1979) , since both factors were carefully maintained constant (Table 1 and 2).
The administration of furosemide and ethacrynic acid resulted in a marked reduction in papillary solute concentration, approaching isotonicity, whereas chlorothiazide caused a smaller decrease in papillary osmolality. The effects of altered extracellular osmolality on vascular resistance should, therefore, be considered. For example, the markedly diminished interstitial osmolality after the loop diuretics might lead to medullary vascular cell swelling and thereby contribute to the suppressed PPF. However, a number of studies have demonstrated an elevated PPF in the presence of markedly reduced papillary osmolality and a low PPF in a highly concentrated papilla. Buerkert et al. (1978) have shown that papillary solute content was severely depressed during acute unilateral ureteral obstruction, yet PPF increased remarkably in response to the release of ureteral obstruction. Chuang et al. (1978) observed an elevated PPF in water diuresis compared to hydropenia, and demonstrated that exposure of the renal papilla during water diuresis, a situation in which papillary tonicity was already markedly reduced, further increased PPF. In models of chronic salt retention, we have found a markedly depressed PPF during hydropenia accompanied by a substantial increase in papillary tissue osmolality (Spitalewitz et al., 1980 , Faubert et al., 1982 . Moreover, furosemide superimposed on saralasin restored PPF to normal, although papillary osmolality was greatly decreased and similar to dogs given furosemide only. Thus, it seems unlikely that the low PPF after loop diuretics is specifically related to changes in papillary solute content induced by the diuretics.
Recent studies have provided evidence suggesting that medullary prostaglandin production may increase inner medullary blood flow. Chuang et al. (1978) demonstrated that inhibitors of prostaglandin synthesis lowered PPF in the exposed papilla of Munich-Wistar rats. Solez et al. (1974) reported that the reduction in PPF after indomethacin correlated with a decrease in circulating levels of prostaglandins A and E in the rat. Using a video velocity tracking system, Jamison et al. (1981) observed that prostaglandin inhibition decreased erythrocyte velocity in the vasa recta of the rat papilla. It has been shown that furosemide and ethacrynic acid cause an increase 152 ±4 87 ±6* 75 ±4* 131 ± 5 * P < 0.01 compared with normal or chlorothiazide-treated dogs. t P < 0.01 compared with normal, furosemide or ethacrynic acid-treated dogs. Abbreviations: see Table 1 . A, difference between E and C. A', difference between E and C in group II shown in Table 1 . * P < 0.01 compared with control values. t P < 0.01 compared with papillary plasma flow in group II (10.8 ± 1.0 ml/min per 100 g).
in urinary excretion of prostaglandin E, whereas chlorothiazide fails to do so (Patak et al., 1979) . If the loop diuretics enhanced medullary prostaglandin E production in the present experiments, it was not associated with an increase in PPF as anticipated. In fact, we found the opposite effect. The explanation for this discrepancy may be related to activation of the reninangiotensin system observed as early as 10 minutes after the infusion of the loop diuretics in the present experiments. In this regard, we have also previously observed a low PPF in chronic salt-retaining caval dogs (Faubert et al., 1982) and chronic salt-depleted dogs (Spitalewitz et al., 1980) , both of which were associated with a markedly elevated PRA. The observation that PPF did not decrease when furosemide was administered during All inhibition with saralasin (Table 5) , strongly supports the proposal that activation of the renin-angiotensin system is the cause of the low PPF with loop diuretics. In line with this suggestion is the fact that the demonstration of an effect of prostaglandins on medullary blood flow has been indirect via use of prostaglandin synthesis inhibitors in experiments in which the renin-angiotensin system was not stimulated (Solez et al., 1974; Chuang et al., 1978; Jamison et al., 1981) .
The distribution of cortical blood flow during the administration of various diuretics has been analyzed previously by the radioactive microsphere method. McNay and Abe (1970) demonstrated that ethacrynic acid augmented blood flow to the two midcortical zones with unchanged blood flow to the juxtamedullary cortex. Stein et al. (1972) also obtained a similar result with furosemide and observed that chlorothiazide decreased total RBF without appreciable alteration in the fractional intracortical blood flow distribution. Thus, the blood flow distribution to the juxtamedullary cortex determined by the microsphere method does not correlate with our measurement of PPF after these diuretics. We have previously demonstrated the lack of correlation between cortical blood flow distribution and PPF in models of chronic salt retention. In chronic caval dogs with avid salt retention, a marked reduction in PPF was not associated with an alteration in cortical blood flow distribution during either hydropenia or saline loading (Faubert et al., 1982) . A similar observation was also made in dogs with chronic salt depletion in which a low PPF was not accompanied by a reduction in inner cortical blood flow (Spitalewitz et al., 1980) . These findings may be explained by the fact that microspheres measure glomerular blood flow only, which may not reflect changes in the post-glomerular capillary circulation of juxtamedullary nephrons.
Anatomical studies of the medullary vasculature in the dog are consistent with this view (Barger and Herd, 1973; Beeukes and Bonventre, 1975) . The efferent arterioles derived from the juxtamedullary glomeruli either divide immediately into a convoluted capillary plexus or divide into a sheaf of vasa recta at a varying distance from their glomeruli. The former does not perfuse the inner medulla and the latter runs through the outer medulla with small branching twigs. Most vasa recta terminate at the junction of the outer and inner medulla by breaking up into a dense capillary network, and only the central vessels of the vasa recta bundle perfuse the papilla. Accordingly, blood flow to juxtamedullary glomeruli is partitioned among inner cortex, outer and inner medulla in unknown proportions. In addition, ultrastructural studies demonstrate the presence of smooth muscle cells in the juxtamedullary glomerular efferent arterioles and vasa recta. Along the descending vasa recta the encircling smooth muscle cells are gradually replaced by pericytes, cells containing filaments possibly capable of contractile function (Moffat, 1967; Chou et al., 1981) . Thus, it is conceivable that inner medullary blood flow is regulated separately from juxtamedullary glomerular blood flow. Furthermore, this ana-tomical arrangement could allow for the effects of vasoactive substances (angiotensin II or prostaglandins) on PPF without a significant change in overall RBF or juxtamedullary glomerular blood flow. In fact, we have recently observed a significant decrease in PPF after intrarenal angiotensin II infusion without a concurrent decrease in RBF (unpublished observation).
The effects of various diuretics on the cortico-medullary solute gradients have been studied extensively, and our results of papillary tissue content after the diuretics are consistent with previous reports (Hook and Williamson, 1965; Goldberg, 1966) . In addition to the direct effect of a pharmacological agent on tubular solute transport, alterations in medullary hemodynamics could affect the solute content of the medullary interstitium and urinary concentration (Earley and Friedler, 1965; Lameire et al., 1980) . After chlorothiazide administration, PPF was similar to that of normal dogs, despite a significant fall in total RBF. This finding supports the original suggestion by Earley et al. (1961) that the effects of chlorothiazide on urinary dilution and concentration are due to a single action of this agent on the renal tubule.
The ability of the two loop diuretics, furosemide and ethacrynic acid, to abolish the cortico-medullary solute gradient has been attributed primarily to a direct action on salt reabsorption by the thick ascending limb of Henle's loop. A secondary effect on medullary solute due to an increase in RBF and an associated increase in medullary blood flow by these agents could further enhance their effect on the concentrating mechanism (Stowe and Hook, 1970) and, possibly, the natriuresis. A washout of medullary solute due to an increase in inner medullary blood flow is not supported by the present study, however. In addition, when PPF was restored to normal by saralasin, furosemide did not induce a greater diuresis and natriuresis, further suggesting that the major action is due to a direct effect on loop salt transport.
It is of interest to note that prostaglandin F2 a , an agent that appears to inhibit salt reabsorption by the thick ascending limb of Henle's loop, also dissipates medullary solute, almost to isotonicity, without altering PPF in dogs (Zook and Strandhoy, 1981) . This agent, however, may also inhibit vasopressin-mediated water and urea reabsorption (Zook and Strandhoy, 1980; Roman and Lechene, 1981) . Although furosemide and ethacrynic acid increase renal prostaglandin E production (Williamson et al., 1975 (Williamson et al., ,1976 Patak et al., 1979) , the site(s) of production is not clear and whether the produced prostaglandins affect tubular urea movement (Roman and Lechene, 1981) or collecting tubule vasopressin-dependent hydro-osmotic water flow (Grantham and Orloff, 1968) remains to be studied.
